The original multi-component hydration heat model for ternary blend of Portland cement, Blast furnace slag and fly ash was developed more than a decade ago. Then, in this paper some recent improvements to develop its applicability and accuracy for wide range of types of cementitious materials and their blending ratio are introduced. Firstly, the physical filler effect of belite to alite reaction and the effect of Ca ion concentration in solution are taken into account, so that a wide applicability for various types of Portland cement could be achieved. Then, to enhance rationality and accuracy for ternary blend case the material model for fly ash was modified and its physical filler effect for other actively reacting minerals was taken into account. Consequently, the balance of reactions between blast furnace slag and fly ash could be successfully rationalized in terms of consumption of Ca(OH) 2 supplied by cement reaction as a stimulus for admixtures. Additionally, a component for silica fume was also implemented for high strength concrete. This proposed model was systematically verified with reliable experimental results of adiabatic temperature rise and could become reliable enough as a core technology to offer degree of hydration for other models, such as strength development and microstructure formation.
INTRODUCTION
It is important to quantitatively predict hydration process accompanied by heat generation of arbitrary cementitious materials with time not only for risk control of thermal cracking but also for evaluation of long term durability of concrete structures. To cope with this requirement the original model of multi-component system for hydration heat of ternary blend among Portland cement(PC), Blast furnace slag (BSG) and fly ash (FA) was developed [1] [2] [3] [4] . Since mutual interactions among clinker minerals of Portland cement and powder admixtures are complicated and thus they were not quantitatively grasped its applicability and accuracy were limited so far. Recently, however, the accuracy of chemical analysis on unreacted remaining chemical compounds was drastically improved and then reliable data on their degree of hydration in terms of elapsed time have been released by other researchers. Then we could start to modify the original multi-component hydration heat model for wide range of types of cementitious materials and their blending ratio based on those knowledge.
In multi-component hydration heat model four major clinker minerals such as alite(C 3 S), belite(C 2 S), aluminate phase (C 3 A) and Ferrite phase(C 4 AF) are adopted as components and the total heat generation of cement is given by the summation of those of them according to their weight fractions. Heat generation of ettringite formation and its conversion to monosulphate are also taken into account according to dosage of gypsum in cement. For blending cement powder admixtures such as BSG, FA and silica fume(SF) are treated as individual components. The temperature dependence of their reaction is expressed based on Arrhenius's law. To get rational estimation for their reaction rates, which must drastically differ according to their composition and blending ratio, it must be noted that complicated mutual interactions among them in solution should be faithfully modelled according to the actual phenomena. In this study a mutual interaction between C 3 S and C 2 S regarding Ca ion availability in solution and micro filler effect by stagnated C 2 S, a mutual interaction between BFS and FA regarding competitive consumption of Ca(OH) 2 supplied by cement hydration to their reaction, and a contribution of SF are discussed and implemented.
MULTI-COMPONENT MODEL FOR ARBITRARY PORTLAND CEMENT

2.1
Interdependence between C 3 S and C 2 S in Portland cement Data of C 2 S degree of hydration used to be doubtful since it was very difficult to quantify in the past. However, its reliability was recently improved in the field of cement chemistry and then degrees of hydration of C 3 S and C 2 S in ordinary Portland cement(OPC) and low heat Portland cement(LPC) were precisely detected respectively as shown in Fig. 1 [5] .
Here, we can see two remarkable features on C 3 S and C 2 S hydrations as their mutual interactions. Firstly, reaction of C 2 S is faster in OPC rather than in LPC and the similar tendency can be seen for C 3 S at beginning and final stage except middle stage of its hydration reaction on surface of C 2 S particle process. Secondary, reaction of C 3 S in LPC is uniquely accelerated at middle stage of its hydration process irrelevant of the aforementioned first feature. These features and their mechanisms seem to be understood as follows. Reactivity of calcium silicate such as C 3 S and C 2 S are dependent on the concentration of Ca ion in solution, thus their reactions are faster in OPC rather than in LPC. Further, stagnated C 2 S particle due to shortage of Ca ion supply in LPC seems to bring the micro filler effect to C 3 S reaction. Fig. 2 shows a SEM image of hydration products made from C 3 S reaction and precipitated on surface of unreacted C 2 S particle at 6 hours after mixing. This image indicates that stagnated C 2 S particle offers precipitation site to hydration products from C 3 S, which is known as the micro filler effect. Thus, these mechanisms should be systematically modelled in the proposed scheme.
2.2
Modelling of interdependence between C 3 S and C 2 S Fig. 3 shows the reference heat rates for four major clinker minerals at mineral composition of OPC. In this proposed scheme the reference heat rate is given by multiple lines and three stages expressing the dormant period at beginning, reaction control process at middle and diffusion control at latter process are set.
According to mineral composition of Portland cement heat generation rate of C 3 S and C 2 S are modified from the original sets by modification factors shown in Fig. 4 . The ratio between C 3 S and C 2 S is adopted as the indicator to express the mineral composition of Portland cement. This treatment roughly reflects the Ca ion concentration in solution.
To express micro filler effect to C 3 S reaction by stagnated C 2 S particle heat rate of C 3 S is modified to make the value higher Fig. 5 . The ratio of C 2 S/(C 3 S+C 2 S) is adopted to express the intensity of micro filler effect and heat rate of C 3 S is systematically modified according to mineral composition of Portland cement.
Verification with adiabatic temperature rises
To verify overall scheme of proposed model for arbitrary type of Portland cement five types of Portland cement such as OPC, Early hardening cement (HPC), Moderate heat cement(MPC), LPC and Belite rich cement (BRC) are adopted and their reliable test data of adiabatic temperature rise are compared with analytical evaluations by the old (original) model and the proposed modified one. The old model did not explicitly implement two principal interdependence between C 3 S and C 2 S but tried to macroscopically adjust temperature history.
Results of comparison are shown from Fig.  6 to Fig. 10 , respectively. It can be seen that the proposed model has wider applicability for arbitrary Portland cements and the adiabatic temperature rises are faithfully re-produced. 
MULTI-COMPONENT MODEL FOR BLENDING CEMENT WITH ARBITRARY POWDER ADMIXTURE
Interdependence among powder admixtures and clinker minerals
There are several important mechanisms of interdependence among clinker minerals and powder admixtures. Pozzolanic powder requires supply of Ca(OH) 2 from Portland cement hydration. Thus, those reactions are stagnated at higher replacement ratio due to shortage of stimulus for further reaction. Further those stagnated particles would bring micro filler effect to clinker minerals.
It must be noted that reaction of FA is tremendously slow. This fact is crucial for ternary blend among BSG, FA and PC since the accuracy of analysis depends on the estimation of competitive consumption of Ca(OH) 2 between BSG and FA.
A material component of SF was newly implemented into the proposed scheme. Here, characteristic of SF such as larger surface area of particles, higher temperature dependence, larger consumption ratio of Ca(OH) 2 etc. were taken into account.
Some examples of verification with adiabatic temperature rises
Some of comparisons between adiabatic temperature rises of blending cements and those computations are shown in from Fig. 11 to Fig. 14, respectively . It can be seen that the proposed model has wider applicability not only for arbitrary Portland cements but also arbitrary blending cements with various pozzolanic powder admixtures.
CONCLUSIONS
The multi-component hydration heat model was developed by taking into account various interdependence among reactions. This model would be one of core technologies for further modelling such as strength development and durability assessment of concrete. 
